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Background: State level information regarding eye care resources can provide policy makers with valuable
information about availability of eye care services. The current study surveyed ophthalmologists, optometrists and
vision rehabilitation providers practicing in Alabama.
Methods: Three mutually exclusive provider groups were identified, i.e., all ophthalmologists, optometrists, and
vision rehabilitation providers working in Alabama in 2010. Eligible providers were contacted in 2010 and 2011 and
information was requested regarding provider demographics and training, practice type and service characteristics,
and patient characteristics. Descriptive statistics (e.g., means, proportions) were used to characterize provider groups
by their demographic and training characteristics, practice characteristics, services provided and patients or clients
served. In addition, county level figures demonstrate the numbers and per capita ophthalmologists and optometrists.
Results: Ophthalmologists were located in 24 of Alabama’s 67 counties, optometrists in 56, and 10 counties had
neither an ophthalmologist nor an optometrist. Overall, 1,033 vision care professionals were identified as eligible to
participate in the survey: 217 ophthalmologists, 638 optometrists, and 178 visual rehabilitation providers. Of those, 111
(51.2%) ophthalmologists, 246 (38.6%) optometrists, and 81 (45.5%) rehabilitation providers participated. Most
participating ophthalmologists, optometrists, and vision rehabilitation providers identified themselves as non-Hispanic
White. Ophthalmologists and optometrists estimated that 27% and 22%, respectively, of their patients had diabetes but
that the proportion that adhered to eye care guidelines was 61% among ophthalmology patients and 53% among
optometry patients.
Conclusions: A large number of Alabama communities are isolated from eye care services. Increased future demand
for eye care is anticipated nationally given the aging of the population and decreasing numbers of providers; however,
Alabama also has a high and growing prevalence of diabetes which will result in greater numbers at risk for diabetic
retinopathy, glaucoma, and cataracts.
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Vision health is an important public health concern that
affects people of all ages in the United States with annual
costs from medical treatment and disability of approxi-
mately $50 billion (US) [1]. For eye diseases such as cata-
ract, glaucoma, age-related macular degeneration, and
diabetic retinopathy, inadequate access to vision care, i.e.,
assessment, diagnosis, treatment and rehabilitation, results
in delayed diagnosis, and unnecessary increases in burden* Correspondence: maclennan@uab.edu
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article, unless otherwise stated.of disease, disability and costs [1-3]. Barriers to vision care
are related to uninformed attitudes about the importance
of routine eye care, i.e., thinking there is no need, costs,
and accessibility [4]. Information regarding the distribu-
tion and characteristics of eye care resources can be used
to identify areas in need and inform policy makers in their
decisions regarding eye care services.
Compared to many other states, Alabama has a dispro-
portionate increase in the prevalence of many risk factors
associated with eye diseases. For example, Alabama’s
population includes a large proportion (approximately
26%) of African Americans, and previous research indi-
cates that rates of vision impairment and eye diseasentral Ltd. This is an Open Access article distributed under the terms of the
/creativecommons.org/licenses/by/2.0), which permits unrestricted use,
, provided the original work is properly credited. The Creative Commons Public
mons.org/publicdomain/zero/1.0/) applies to the data made available in this
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those of whites, especially uncorrected refractive error,
cataract, and diabetic retinopathy [5-7]. Glaucoma is 3–4
times more common in African Americans as compared
to whites of non-Hispanic origin [8,9]. In addition, the
prevalence of diabetes among those 16 and older in
Alabama is very high (approximately 13%) and diabetic
retinopathy is the leading cause of blindness among US
working age adults and those with diabetes are also at in-
creased risk for glaucoma and cataracts [9-13]. Further-
more, adults diagnosed with one of four major eye
diseases and without eye care insurance less frequently
followed recommended guidelines for visiting an eye-
care provider; in 2011, 16% of Alabama’s population was
without health insurance [14,15].
The objective of the current survey of Alabama eye
care providers was to obtain information about the char-
acteristics of providers, their practices and patients.
Methods
The Institutional Review Board of the University of
Alabama at Birmingham reviewed and approved the
study protocol.
Study population
The study population consisted of three provider groups:
(1) Ophthalmologists, defined as physicians (MD or DO)
who have a medical license in Alabama per the Alabama
State Board of Medical Examiners, have completed resi-
dency training in ophthalmology, and practice at least part
time in Alabama; (2) Optometrists, defined as those who
have a Doctor of Optometry degree, are licensed by the
Alabama Board of Optometry to practice optometry in
Alabama, and practice at least part time in Alabama; and
(3) Vision rehabilitation providers, defined as those who
provide vision rehabilitation services and practice at least
part time in Alabama. Ophthalmologists and optometrists
who provide vision rehabilitation services were not in-
cluded in the vision rehabilitation provider category.
Eligible participants were identified from August 2010
through October 2010 using information obtained from
professional associations, licensing boards, and internet
searches. Attempts were made to contact all potential
participants via telephone to verify that providers still
worked in Alabama and that their contact informa-
tion was correct. When incorrect, contact informa-
tion was updated; however, participants who met the
exclusion criteria, e.g., retired and no longer practicing,
deceased, or relocated outside of Alabama, were deemed
ineligible.
Survey content
Participants provided their demographic information (i.e.,
race/ethnicity, age and gender) and details regarding theirpractice and patients. Requested practice characteristics
included type of practice (i.e., group practice with another
ophthalmologist or optometrist, and whether their prac-
tice was university based, a Department of Veterans
Affairs facility, rehabilitation or general hospital, out-
patient rehabilitation clinic, independent service for the
visually impaired, State agency, and optical retail). In
addition, information was requested about other settings
(i.e., day programs in public or private schools, residential
schools, in-patient psychiatric or general hospital, nurs-
ing homes, and state/federal/local correctional facilities)
where participants provided services. With respect to
training, ophthalmologists provided information regard-
ing the year of residency completion, whether residency
was followed by a fellowship, and if yes, the field of train-
ing; from optometrists, the year of receiving optometry
degree, whether residency was completed, and if yes, the
field of specialty training; and from rehabilitation pro-
viders, the year of receiving highest degree and vision re-
habilitation specialty.
Participating ophthalmologists and optometrists were
asked whether they provided comprehensive eye care for
adults, comprehensive eye care for infants and children,
contact lens fitting and dispensing. Ophthalmologists
were asked whether they provided cataract surgery,
refractive surgery, retinal-vitreal surgery, glaucoma surgery,
corneal surgery, oculo-plastic surgery, visual rehabilitation
services, and neuro-ophthalmological services. Optome-
trists were asked whether they provided vision therapy
and/or low vision rehabilitation services. Rehabilitation
providers were asked whether they provided in-home
services, training services (i.e., the use of assistive devices,
orientation and mobility, eccentric viewing or preferred
retinal loci, scanning strategy, strategies to perform every-
day visual tasks, and the use of computers and soft-
ware), psychological or counseling, support groups, social
work, driving rehabilitation, home-based visits for edu-
cation or training, and vocational rehabilitation or career
counseling.
Participants provided estimates for the proportions
of their patients by age group (<5, 5–19, 20–59, 60–79,
and 80+), race (white, non-Hispanic, African American,
Hispanic, Asian, Native American, and other), gender,
and insurance type (e.g., Medicare, Medicaid, private in-
surance). Similarly, participants were asked to provide
estimates of the prevalences of diabetes and low-vision
among their patients; in addition, ophthalmologists and
optometrists estimated the proportion of diabetic pa-
tients that adhere to eye care guidelines. Participating re-
habilitation providers estimated the proportion of their
patients with the following specific difficulties or prob-
lems: reading, writing, financial management, other de-
tailed near tasks, independent living, mobility, driving,
identification of objects/people/events from a distance,
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logical adjustment.
Survey conduct
Eligible participants (N = 1,033) were contacted over a
ten-month period from November 2010 through August
2011 An initial mail contacted them of the study goals
and requested their participation. Included in the mail
contact was a survey specific to their provider type
(Ophthalmologists, Optometrists, and Vision rehabilita-
tion providers) and a pre-paid return envelope. Add-
itional steps were taken to encourage participation
among non-responders; these included: telephone calls
to practices to remind the provider about the opportun-
ity to participate, faxes and emails by study personnel to
the provider, attendance at several professional seminars
and conferences where surveys were made available, two
announcements of the survey in the Alabama Optomet-
ric Association monthly newsletter, a mass email to
members of the Alabama Optometric Association, and
the option of completing the survey online.
Statistical analysis
Descriptive statistics (e.g., means, proportions) were cal-
culated based on the providers who responded to each
specific question. For example, if there were 100 survey
participants but only 90 provided gender information,
the denominator used to calculate the proportions of
men and women would be 90. For patient characteristics
(e.g., demographics, prevalence of diabetes and low-
vision), descriptive statistics were weighted by the num-
ber of patients or clients estimated to be personally seen
by participants.
Results
Of the 1,033 vision care professionals that were eligible
to participate in the survey (217 ophthalmologists, 638
optometrists, and 178 rehabilitation providers), 111
(51.2%) ophthalmologists, 246 (38.6%) optometrists, and
81 (45.5%) rehabilitation providers did so. Figure 1 shows
the numbers of, and per capita, optometrists and oph-
thalmologist by county of location. The maps show that
the majority of eligible providers were located in urban
counties, e.g., Jefferson (175 optometrists, 79 ophthalmol-
ogists), Madison (53 optometrists, 19 ophthalmologists),
Mobile (33 optometrists, 26 ophthalmologists), Shelby
(49 optometrists, 5 ophthalmologists), and Montgomery
(31 optometrists, 20 ophthalmologists). Of Alabama’s 67
counties, 56 had at least one optometrist, 24 at least
one ophthalmologist, and ten counties had neither an
ophthalmologist nor optometrist. In general, counties
of the state with no or few providers were clustered in
west central Alabama, known as the Black Belt region,where many counties have large African American
populations.
The majority of participating ophthalmologists, op-
tometrists, and vision rehabilitation providers identified
themselves as non-Hispanic White (Table 1). Few minor-
ities were represented in any group, though 16 (6.6%) of
241 optometrists and 11 (13.6%) of 81 vision rehabilita-
tion providers indicated they were African American.
Ophthalmologists were on average, approximately seven
years older than optometrists. Fewer ophthalmologists
were women (11.2%) compared to 44.3% of optometrists
and 80.3% of vision rehabilitation providers.
Most ophthalmologists (82.0%) worked in a private
practice with at least one other ophthalmologist and
24.3% reported working in a practice with at least one
optometrist, whereas 61.0% of optometrists worked in
private practice with at least one other optometrist, and
10.2% worked in practice with at least one ophthalmolo-
gist (Table 1). Most (54.3%) vision rehabilitation pro-
viders worked for a state agency. Other settings that
ophthalmologists provided services included general
hospitals (18.2%); optometrists provided services at day
programs at public or private schools (4.9%), residential
schools (1.6%), general hospitals (3.7%), in-patient psy-
chiatric hospitals (1.6%), nursing homes (11.4%), and
federal/state/local correctional facilities (2.9%). Rehabili-
tation providers also reported performing services at day
programs at public or private schools (25.9%), residential
schools (22.2%), nursing homes (9.9%), and federal/state/
local correctional facilities (3.7%).
Among ophthalmologists, 25.2% completed their resi-
dency training in or after 2000 and 35.2% before 1980
(Table 2). Almost 50% of ophthalmologists had com-
pleted a fellowship, and among those, the most common
areas of specialty were retina (20.4%), cornea (18.5%),
glaucoma (16.7%), pediatric ophthalmology (13.0) and
oculoplastics (13%). Among optometrists, 31.7% received
their optometry degree in or after 2000 and 16.7% before
1980. Of those who reported completing a residency
(21.3%), the most frequently areas of specialty training
were family practice (26.9%), geriatric optometry (26.9%),
low vision rehabilitation (23.1%) and primary eye care
(21.1%). Among rehabilitation providers, 33.3% received
their highest degree in 2000 or after and 24.7% before
1980. Rehabilitation providers’ specialties included edu-
cator (30.7%), vision rehabilitation therapist (20.0%),
rehabilitation counselor (16.0%), and vocational rehabilita-
tion counselor (9.3%). Very few participants identified
themselves as low vision therapists (5.3%); however, many
participants specified another specialty (30.7%) outside of
the ones offered in the survey, e.g., case management.
Table 3 describes the services provided by ophthalmolo-
gists and optometrists. Among participating ophthalmolo-
gists, 78.2% offered comprehensive eye care for adults,
Figure 1 Alabama County of practice location, numbers of and per 10,000 population, optometrists and ophthalmologists.
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contact lenses (41.8%). Approximately 80% performed any
surgery, 61% performed cataract surgery but fewer per-
formed other types of surgeries: refractive (20.0%), retinal
(13.5%), glaucoma (31.8%), corneal (18.2%) and oculo-
plastic (33.6%). Few ophthalmologists (2.7%) provided
visual rehabilitation services and 13.6% provided neuro-
ophthalmological services. Among optometrists, 95.1%
provided comprehensive eye care for adults, and chil-
dren (81.3%), as well as fitting and dispensing contact
lenses (86.2%). Optometrists reported that 12.6% pro-
vided vision therapy and 15.0% provided low vision re-
habilitation services.
Ophthalmologists’ largest patient group (42.1%) was
60–79 years of age; whereas patients 20–59 years of age
were optometrists and vision rehabilitation providers lar-
gest groups (41.7% and 39.9%, respectively) (Table 4).
Provider groups reported similar racial distributions for
their patients, i.e., 57.1% - 61.3% white, 30.3% - 33.3%
African American, and 2.3% - 6.3% Hispanic. Ophthal-
mologists (54.4%) and optometrists (52.6%) treated
slightly more females but rehabilitation providers treated
more male patients (54.6%). Ophthalmologists and re-
habilitation providers reported that Medicare (50.2% and
46.9%, respectively) was the most frequent patientinsurance plan; whereas for optometrists, private insur-
ance (41.6%) was most frequent.
Table 5 presents specific services offered by vision
rehabilitation providers. About half (49.4%) of those
responding provided in home service. The majority
(63.3%) provided training in the use of assistive devices,
followed by training in strategies to perform everyday vis-
ual tasks (55.7%) and orientation and mobility training
(43.0%). Many patients had difficulties in reading (63.8%)
and writing (48.3%), followed by difficulties in driving
(55.2%) and mobility (50.1%).
Discussion
The current survey presents details about the county of
location of Alabama eye care providers, and among sur-
vey participants, descriptive information about demo-
graphics, and practice and patient characteristics.
Due to an aging population, future demand for eye
care services is likely to outpace available resources. In
Alabama this shortage will potentially be compounded
by a concurrent increase in diabetes-related eye condi-
tions, i.e., diabetic retinopathy, glaucoma, and cataracts
[9,11-13]. Nearly all people with diabetes will eventually
have diabetic retinopathy to some degree [16]. Diabetic
retinopathy is the leading cause of blindness among
Table 1 Demographic and practice characteristics of survey participants by provider group
Ophthalmologists Optometrists Rehabilitation
Participants (N) 111 246 81
Race/ethnicity group (%)
White, non-Hispanic 103 (94.5) 216 (89.6) 68 (84.0)
African-American 1 (0.9) 16 (6.6) 11 (13.6)
Hispanic 1 (0.9) 4 (1.7) 1 (1.2)
Asian 2 (1.8) 2 (0.8) 0 (0.0)
Native American 1 (0.9) 2 (0.8) 1 (1.2)
Other 1 (0.9) 1 (0.4) 0 (0.0)
Average age (SD) 53.0 (11.8) 45.7 (12.0) 47.8 (11.1)
Gender (%)
Male 95 (88.8) 136 (55.7) 16 (19.8)
Female 12 (11.2) 108 (44.3) 65 (80.2)
Practice types
Private practice with at least one Ophthalmologist 91 (82.0) 25 (10.2) 0 (0.0)
Private practice with at least one Optometrist 27 (24.3) 150 (61.0) 0 (0.0)
Practice based in a university 13 (11.7) 21 (8.5) 4 (4.9)
Department of Veterans Affairs clinic or medical center 3 (2.7) 10 (4.1) 11 (13.6)
Rehabilitation hospital 0 (0.0) 1 (0.4) 1 (1.2)
General hospital 4 (3.6) 3 (1.2) 0 (0.0)
Outpatient rehabilitation center 0 (0.0) 1 (0.4) 1 (1.2)
Independent service for the visually impaired 0 (0.0) 1(0.4) 11 (13.6)
State agency 0 (0.0) 2 (0.8) 44 (54.3)
Optical retail store 8 (7.2) 46 (18.7) 0 (0.0)
Other 4 (3.6) 18 (7.3) 21 (25.9)
Other settings where services provided
Public or private schools (day programs) 0 (−−–) 12 (4.9) 21 (25.9)
Residential schools (e.g., Alabama Institute for the Deaf & Blind) 1 (0.9) 4 (1.6) 18 (22.2)
General hospitals 20 (18.2) 9 (3.7) 0 (−—)
In-patient psychiatric hospitals 2 (1.8) 4 (1.6) 0 (−—)
Nursing homes 3 (2.7) 28 (11.4) 8 (9.9)
State or Federal prisons or Local jails 0 (−—) 7 (2.9) 3 (3.7)
Other 1 (0.9) 25 (10.2) 17 (21.0)
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higher prevalence of diabetes than any other state, and
African American Alabamians have a diabetes mortality
rate that is 2.5 times greater than White Alabamians
(20.6/100,000 people) [10,17]. In the current survey,
ophthalmologists, optometrists, and rehabilitation pro-
viders estimated that 27%, 22% and 28%, respectively, of
their patients had diabetes. Providers estimated the pro-
portion of diabetic patients that adhered to eye care
guidelines was 61.4% among ophthalmology patients and
53% among optometry patients. In addition, ophthalmol-
ogists and optometrists estimated that 20% and 14%, re-
spectively, of their patients had diabetic eye conditionsincluding diabetic retinopathy. Early detection and moni-
toring with timely treatment, e.g., retinal laser photocoagu-
lation, can arrest or slow disease progression. Diabetic
retinopathy is detected by eye care providers through a
comprehensive eye examination that includes pupil dila-
tion and examination of the fundus; however, only about
half of all people with diabetes receive recommended
annual comprehensive eye examinations [18].
The current survey found that many Alabama commu-
nities are geographically isolated from eye care services.
People who live in rural areas have increased barriers to
receive basic and specialized eye care (e.g., glaucoma
and diabetic retinopathy screening, pediatric screening
Table 2 Training characteristics of ophthalmologists and
optometrists
Ophthalmologists (N = 111) N (%)
Year completed – residency training
2000 and after 28 (25.2)
1990 – 1999 22 (19.8)
1980 – 1989 22 (19.8)
Before 1980 39 (35.2)
Fellowship post residency?
Yes (%) 53 (49.5)




Pediatric Ophthalmology & Strabismus 7 (13.0)
Neuro-ophthalmology 4 (7.4)
Oculoplastics 7 (13.0)
Visual rehabilitation 0 (−-)
Ophthalmic pathology 1 (1.9)
Ocular inflammatory disease 1 (1.9)
Other 7 (13.0)
Optometrists (N = 246)
Year O.D. received
2000 and after 78 (31.7)
1990 – 1999 67 (27.2)
1980 – 1989 60 (24.4)
Before 1980 41 (16.7)
Following O.D., residency in specialty?
Yes (%) 52 (21.3)
If yes, in what specialty?
Community health optometry 0 (−-)
Cornea and contact lenses 5 (9.6)
Family practice optometry 14 (26.9)
Geriatric Optometry 14 (26.9
Low vision rehabilitation 12 (23.1)
Pediatric optometry 4 (7.7)
Primary eye care 11 (21.1)
Refractive and ocular surgery 1 (1.9)
Vision therapy 2 (3.8)
Other 16 (30.8)
Rehabilitation providers (N = 81)
Year degree received
2000 and after 27 (33.3)
1990 – 1999 21 (25.9)
1980 – 1989 13 (16.1)
Before 1980 20 (24.7)
Table 2 Training characteristics of ophthalmologists and
optometrists (Continued)
Specialty
Occupational therapist 7 (9.3)
Occupational therapist assistant 0 (−-)
Vision rehabilitation therapist 15 (20.0)
Certified low vision therapist 4 (5.3)
Social worker 2 (2.7)
Rehabilitation counselor 12 (16.0)
Vocational rehabilitation counselor 7 (9.3)
Psychologist 2 (2.7)
Educator 23 (30.7)
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those with low vision), and vision rehabilitation services;
when asymptomatic, they are more likely to delay eye care
until their symptoms become apparent and severe [19].
The majority of participants identified themselves as
white of non-Hispanic origin and few minorities were
represented in any of the provider groups. Nonetheless,
ophthalmologists and optometrists reported that on
average 32.6% and 30.3% of the patients they treated,
respectively, were African American. Vision impairment
and eye disease among African Americans are two
times higher than those of whites, especially uncorrectedTable 3 Services provided by ophthalmologists and
optometrists
Ophthalmologists (N = 111) N (%)
Comprehensive eye care for adults 86 (78.2)
Comprehensive eye care for infants and children 58 (52.7)
Contact lens fitting and dispensing 46 (41.8)
Cataract surgery 67 (60.9)
Refractive surgery 22 (20.0)
Retinal – vitreal surgery 15 (13.5)
Glaucoma surgery 35 (31.8)
Corneal surgery 20 (18.2)
Oculo-plastic surgery 37 (33.6)
Visual rehabilitation services 3 (2.7)
Neuro-ophthalmological services 15 (13.6)
Other 9 (8.2)
Optometrists (N = 246)
Comprehensive eye care for adults 234 (95.1)
Comprehensive eye care for infants and children 200 (81.3)
Contact lens fitting and dispensing 212 (86.2)
Vision therapy 31 (12.6)
Low vision rehabilitation services 37 (15.0)
Other 20 (8.1)
Table 4 Patient characteristics (%) by provider group
Ophthalmologists Optometrists Rehabilitation
Age group
< 5 6.3 4.5 2.8
5-19 9.0 19.3 16.5
20-59 26.8 41.7 39.9
60-79 42.1 25.9 25.0
80+ 15.3 7.6 12.7
Race/ethnic group




Hispanic 5.1 6.3 2.3




Other 0.5 0.4 0.6
Gender
Male 45.6 47.2 54.6
Female 54.4 52.6 45.4
Insurance plan
Medicare 50.2 26.6 46.9




No insurance 4.1 18.1 23.3
Others 2.5 3.4 0




Low vision 14.4 6.6 66.7
Table 5 Services provided by vision rehabilitation
providers, N (%) and patients (%) with specific difficulties
or problems
Provide in-home services 40 (49.4)
Services provided
Training in the use of assistive devices
(e.g., optical, non-optical)
50 (63.3)
Orientation and mobility training 34 (43.0)
Eccentric viewing training or training
in preferred retinal loci
15 (19.0)
Scanning strategy training 20 (25.3)
Training in strategies to perform everyday
visual tasks (e.g., household activities, managing
money, preparing meals)
43 (55.7)
Psychological or counseling services 10 (15.2)
Support groups (for clients and/or families) 26 (32.9)
Social work services 6 (7.6)
Driving rehabilitation 3 (3.8)
Home-based visits for education or training 32 (40.5)
Vocational rehabilitation or career counseling services 29 (36.7)
Training in the use of computers and software 31 (39.2)
Other 18 (22.2)








Identification of objects, people, events from a distance 48.8
Self care/domestic activity 32.8
Emotional or psychological adjustment 35.4
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athy [6-8]. Glaucoma is at least four to five times higher in
African Americans as compared to persons of European
descent [8,9], progressing more rapidly and appears
approximately 10 years earlier in African Americans
[6,20-25]. Older African Americans are less likely to
receive routine, comprehensive eye care, when newly
emerging eye conditions could be detected and treated
in a timely fashion [26-28], which could contribute to
their higher rates of eye disease and vision impairment.
When they eventually enter treatment, their eye conditions
are often in more advanced forms accompanied by irre-
versible vision impairment, and thus more difficult to
treat, as compared to whites.
Research suggests that provider-patient communica-
tion and the use of preventive services can be facili-
tated when there is racial/ethnic concordance between
providers and patients [29]. Communication problemswith eye care providers have been identified by African
Americans as a barrier to seeking eye care [30,31]. Re-
search also indicates that African American physicians
are more likely to care for patients in predominantly
African American communities, underinsured patients,
underserved patients, and those covered by Medicaid
[32,33]. Thus, it is possible that an increase in the number
of African American ophthalmologists and optometrists
in Alabama would have positive benefits on eye health in
the state.
Additional disparities are related to the decreasing num-
bers of general and specialty ophthalmologists. A recent
analysis concluded that due to changing patient demo-
graphics, retirement, and a fixed number of ophthalmol-
ogy residency slots nationwide, ophthalmology will face
substantial challenges in manpower by year 2020 [34]. In
addition, for optometrists there are currently no programs
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ition coverage) to practice in rural areas. Potentially, new
federal legislation, i.e., H.R. 920 (National Health Service
Corps Improvement Act of 2013) to include optometrists
in the National Health Service Corps student loan pro-
gram that supports new graduates to work in under-
served communities in exchange for educational loan
repayment will increase rural optometrists [35]. Further-
more, the University of Alabama’s College of Community
Health Sciences’ Rural Health Leaders Pipeline program
has been successful in increasing the numbers of rural stu-
dents who prepare for health and medical careers, though
there is no specific focus identified on vision care [36].
By utilizing current technologies, telemedicine has the
potential to fill some of the gaps in rural eye care ser-
vices by removing distance barriers and providing pa-
tients remote access to eye care specialists who screen,
diagnose, and manage eye diseases. Telemedicine is well
suited for vision and eye disease screening services and
also monitoring of disease through imaging and other
specialized tests because of the low invasiveness of test-
ing, wide spread availability and affordability of imaging
technologies, high levels of diagnostic reliability [37],
and ease of training of testing personnel [38]. Teleme-
dicine has the potential to be used to screen for and
monitor diabetic retinopathy, retinopathy of prematurity,
age-related macular degeneration, and glaucoma [39].
Research has established the effectiveness of using digital
fundus imaging with remote image interpretation for
screening of diabetic retinopathy in developing nations
[40], among a prison population with type 2 diabetes
[41], and by the Indian Health Service for screening of
Alaskan Natives [42]. Acceptance of telemedicine has in-
creased steadily over the years stemming from its proven
efficacy and cost-effectiveness, specifically in the areas of
screening for diabetic eye conditions through fundus
photography. Although rural areas of Alabama continue
to lag behind urban areas for broadband access [43], the
US Federal Communications Commission continues its
support for expanded access for rural health care pro-
viders [44].
In addition to increased access, telemedicine has been
shown to be efficient and effective. Relative to other
screening programs, telemedicine programs may require
high startup costs for infrastructure that may be sup-
ported by federal [45], and state initiatives [46]; however,
successful programs that are accepted by communities,
ultimately lead to decreased costs [47,48]. Thus, it is also
critical to evaluate the cost-effectiveness of these pro-
grams, as compared to systems that do not rely on
telemedicine.
The study was strengthened by involving a number
of organizations and individuals who assisted in com-
prehensively identifying eye care providers currentlypracticing in the state of Alabama. By survey participation
standards, participation was adequate among ophthalmol-
ogists (> 50%) but was less than optimal for optometrists
(38.6%) and rehabilitation providers (45.5%). It is difficult
to know how varying levels of participation may have
influenced results. Though high participation is thought to
increase the generalizability of survey results with regards
to the characteristic examined, without an apparent bias,
information obtained with lower participation rates may
still be generalized to the background population if the par-
ticipants are representative of the background population
[49]. Since we are unable to characterize non-respondents,
the generalizability of our findings remains unknown; in
addition, we did not attempt to verify the correctness of
participants’ survey responses, thus, the accuracy of the in-
formation provided is unknown.Conclusions
Potentially, significant benefit to the eye health of Alabamians
would result through 1) Identification of strategies to in-
crease the number of eye care providers, including more
African American providers; 2) Development and im-
plementation of strategies in the eye care system for
improved detection and follow-up management of the
ocular complications of diabetes; 3) Development and
implementation of strategies to improve access to eye
care, satellite eye care practices, telemedicine approaches
and possibly transportation systems; and, (4) Scientific
evaluation of these and other public eye health interven-
tions to improve the quality of and access to eye care in
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